Developmental Biology Select  by unknown
Leading Edge
Developmental Biology SelectThe generation of asymmetry is a key event in many developmental processes, including cell differentiation,
embryonic axis specification, and organogenesis. Recent research highlights the identification of factors needed
to establish stomata during plant development and the role that timing plays in directing left-right asymmetry
during nervous system development in zebrafish. Other recent studies elucidate unexpected connections
between two kinds of asymmetry, cellular and organismal, and how asymmetry may be related to the regulation
of chromatid segregation and DNA repair.
Giving Voice to Stomata Differentiation
Stomata are the pores that mediate gas and water exchange in plants. They are formed
by a symmetrical pair of guard cells that regulate the opening and closing of the pore,
yet the specification of the guard cell precursor relies upon a series of asymmetric cell
divisions beginning in a single meristemoid mother cell. Two groups (MacAlister et al.,
2006; Pillitteri et al., 2006) now report that three related basic helix-loop-helix transcrip-
tion factors (SPEECHLESS, MUTE, and FAMA) act sequentially in the lineage that gives
rise to guard cells in Arabidopsis thaliana. As their names imply, loss of either SPEECH-
LESS or MUTE leads to seedlings that develop leaves devoid of stomata. In the first
step of guard cell specification, SPEECHLESS facilitates the first asymmetric division
of the meristemoid mother cell to establish the meristemoid. MUTE then terminates
the subsequent rounds of asymmetric cell division to promote the differentiation of
themeristemoid into a guardmother cell. The third factor FAMA, identified in a previous
study, promotes the final transition from guard mother cell to guard cells. Future work
may identify the targets regulated by these transcription factors. Of particular interest would be uncovering the genes
regulated by SPEECHLESS that drive the asymmetric division of the meristemoid mother cell. The findings of
MacAlister et al. and Pillitteri et al. also reveal a striking parallel between the differentiation of stomata and develop-
mental processes in animals, including myogenesis and neurogenesis, which also require the sequential activity of
related basic helix-loop-helix transcription factors.
C.A. MacAlister et al. (2006). Nature. Published online December 20, 2006. 10.1038/nature05491.
L.J. Pillitteri et al. (2006). Nature. Published online December 20, 2006. 10.1038/nature05467.
Asymmetry in the Zebrafish Brain Is Timed
Perfectly
Left-right asymmetry in the brain is often viewed as reflecting the functional
specialization of particular brain regions for certain tasks. Although the classic
examples are in humans (most famously, speech production, which is centered
in Broca’s area of the left cerebral cortex), it has been observed in many ani-
mals. Working in zebrafish, Aizawa et al. (2007) now suggest that the differential
timing of neurogenesis is one way to establish morphological asymmetry. In the
zebrafish brain, the medial and lateral subnuclei of the habenula (a region of the
brain near the pineal gland) have different proportions on the left and right sides.
On the left side, the lateral subnucleus is larger than the medial, whereas the
opposite is true on the right side. Aizawa et al. discovered that neurogenesis occurs earlier in the lateral subnuclei
than in the medial subnuclei and that the timing of neurogenesis differs between the left and right habenulae. Neuro-
genesis occurs earlier on the left (thus favoring the growth of the lateral subnucleus) and later on the right (thereby
promoting the growth of the medial subnucleus). Importantly, they also establish that the two subnuclei share a
common pool of neural stem cells. These findings suggest that it is the overall timing of neurogenesis that leads
to asymmetry, rather than inherent differences within the neural stem cell pool. To test this prediction, Aizawa
et al. manipulated the timing (and thus location) of neurogenesis by enhancing or suppressing Notch signaling
bilaterally; both manipulations disrupted the normal establishment of asymmetry. Future work may determine
whether differential timing is a common means to establish brain asymmetry in other animals including humans.
H. Aizawa et al. (2007). Dev. Cell 12, 87–98.
Spreading the Message of Watson and Crick
During DNA replication, the Watson and Crick strands of DNA serve as templates for the synthesis of new comple-
mentary Crick and Watson strands, respectively. As a consequence, following replication, a sister chromatid either
has the ‘‘olderWatson’’ or the ‘‘older Crick’’ strand. Previously, Armakolas and Klar reported that replicated copies of
mouse chromosome 7 segregate nonrandomly during cell division, such that some cells (for instance embryonic
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stem cells) always partition the copies of chromosome 7 with the older Watson strands to the same daughter cell.
Now, Armakolas and Klar (2007) provide the first glimpse of the mechanism by which cells conduct this remarkable
feat of strand discrimination. They report that knocking down the expression of the motor protein left-right dynein
using a small-interfering RNA disrupts the nonrandom segregation of mouse chromosome 7. The authors also report
a further correlation that supports a role for left-right dynein as part of the segregation mechanism. Of the six cell
types studied, mRNA for left-right dynein is only expressed in the three cell lines that display nonrandom chromatid
segregation. Thus, an analogy can be made between the function of left-right dynein in individual cells, now sug-
gested by Armakolas and Klar, with its better known role during development. Just as knocking down left-right dy-
nein appears to randomize chromatid segregation in cell division, loss-of-function mutations in mouse left-right dy-
nein randomize the left-right orientation of the visceral organs. Yet, the physiological relevance of nonrandom
chromatid segregation is still unclear. It may be possible in future work to determine when during development
the ability to nonrandomly segregate chromatids is lost in a particular cell lineage. Defining such a point of transition
could shed light on how particular pairs of chromosomes aremarked for cosegregation andmight provide additional
clues as to the mechanism and the physiological role of this astonishing process.
A. Armakolas and A.J.S. Klar (2007). Science 315, 100–101.
RasiRNAs Hush the DNA-Damage Response
Repeat-associated small interfering RNAs (rasiRNAs) are a newly discovered class of
small RNAs that silence retrotransposons in theDrosophila germline. Although the roles
of rasiRNAs are only beginning to be uncovered, evidence suggests their involvement
in embryonic axis specification. Surprisingly, according to Klattenhoff et al. (2007), this
function of rasiRNAs may not be mediated by gene silencing but could instead reflect
an ability of rasiRNAs to suppress the DNA-damage response. Previous work has
shown that disruption of the armitage or aubergine genes in Drosophila, which are
important for the production of rasiRNAs, leads to defects in axis specification during
oogenesis. Interestingly, similar defects have also been observed following impairment
of the DNA-repair machinery. Klattenhoff et al. reveal a connection between these two
processes, showing that mutations in the Drosophila homologs of the ATR and Chk2
kinases, which signal DNA damage, suppress the defects in axis specification that
are observed in armitage and aubergine fly mutants. They also observe that phosphor-
ylated histone H2Av, which marks DNA double-strand breaks, accumulates in ovaries
of flies with loss-of-function mutations in armitage or aubergine. Significantly, the ATR
and Chk2 mutations do not suppress defects in rasiRNA-based gene silencing associ-
ated with armitage and aubergine mutations. These findings indicate that rasiRNA-mediated gene silencing is not
required for axis specification, but the rasiRNA pathway does have a critical role in suppressing DNA-damage
signaling in the germline. Klattenhoff et al. speculate that a related group of small RNAs, the Piwi-interacting small
RNAs, might have a similar role in suppressing DNA-damage signaling in the mammalian germline.
C. Klattenhoff et al. (2007). Dev. Cell 12, 45–55.
A Polarity Protein Says Give Me a DNA Break!
The Par3/Par6/aPKC complex is important in both asymmetric cell division and in the establishment of cell polarity.
These well-known roles of Par3 are mediated through its localization to the cell periphery of dividing cells (such as
neuroblasts in Drosophila) and to tight junctions in epithelial tissues. Now Fang et al. (2007) describe a possible nu-
clear function of Par3 in the repair of DNA double-strand breaks. They show that Par3 interacts with Ku70 and Ku80,
which are regulatory subunits of the DNA-dependent protein kinase involved in the repair of DNA double-strand
breaks. Fang et al. show that ionizing radiation, which induces double-strand breaks, increases the nuclear locali-
zation of Par3 and enhances its interaction with Ku70/Ku80. Moreover, following knockdown of Par3 expression,
they observe impaired nonhomologous end-joining in irradiated cells due to a decrease in activation of the DNA-
dependent protein kinase. This work indicates an unexpected link between cell polarity and the maintenance of
genomic integrity. Future efforts may establish whether these two functions of Par3 are intimately connected—
that is, does the translocation of Par3 protein to the nucleus have an effect on tight junctions or vice versa, and if
so, in what contexts in vivo might this occur?
L. Fang et al. (2007). Cell Res. 17, 100–116. 10.1038/sj.cr.7310145.
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